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| INTRODUCTION
Persisting cognitive impairment is a frequent symptom after stroke, [1] [2] [3] a disability with great impact both on work and social life. Workingaged patients frequently describe consequences of cognitive dysfunction despite a low residual neurological deficit. This group of patients is generally subject to higher demands on cognitive functioning and may live with the consequences of their stroke for many years. To date, most studies on post-stroke cognitive outcome are focused on older stroke sufferers. 4, 5 To our knowledge, there is only one stroke study including long-term cognitive assessment of patients of occupational age. The FUTURE study prospectively followed ischemic stroke patients, 18-50 years of age, for a mean follow-up time of 11 years.
They showed that long-term cognitive outcome was worse in most cognitive domains compared to a non-stroke population and a substantially higher proportion of ischemic stroke patients had cognitive impairment or a below average performance compared with controls.
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Since stroke incidence is increasing in younger ages, 7 the long-term effects of cognitive impairment constitute a growing problem both for society and affected individuals as well as their families. 8 Biomarkers able to predict cognitive outcomes after stroke could contribute to a better understanding of the mechanisms behind cognitive decline or lack of recovery and might be of value for healthcare and rehabilitation planning.
Plasma concentrations of the hemostatic biomarkers fibrinogen, von Willebrand factor (VWF) and tissue-type plasminogen activator (t-PA) are associated to stroke risk, risk of recurrent events and functional outcomes. [9] [10] [11] [12] [13] Moreover, both prospective and case-control studies have suggested a relationship between these hemostatic biomarkers and vascular dementia. 14, 15 Regarding high concentrations of fibrinogen, associations to incident vascular dementia have been demonstrated in prospective studies with mean follow-up times of up to seventeen years. 14, 16 Furthermore, in a population with atherosclerosis, but no cardiovascular disease at baseline, an association to cognitive decline during a five-year follow-up was demonstrated.
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Altogether, this makes hemostatic proteins, and especially fibrinogen, promising as candidate biomarkers of cognitive outcomes after stroke.
We hypothesized that hemostatic biomarkers predict long-term cognitive outcome after ischemic stroke. To investigate this hypothesis the biomarkers fibrinogen, VWF, and t-PA were selected for the present study. Young patients (<50 years) were investigated specifically.
| MATERIALS AND METHODS

| Study population
The study sample comprised of participants in the Sahlgrenska Academy Study on Ischemic Stroke (SAHLSIS), which consecutively recruits patients with ischemic stroke, aged 18-69 years, at stroke units, and has been described in detail elsewhere. 18 We studied patients recruited between 1998 and 2003 at the Sahlgrenska University
Hospital who attended a follow-up visit with blood sampling approximately 3 months after the event. To avoid influence of an acute vascular event on convalescent biomarker measures, patients suffering from a recurrent vascular event before the three-month follow-up were excluded from this study. These events were identified by review of the medical records, and this was performed by a stroke neurologist. To obtain data on recurrent strokes after 3 months, we used the National Hospital Discharge Registry and confirmed events by reviewing the corresponding medical record, according to criteria as previously described. 19 Informed consent was obtained from all participants prior to enrollment. This study was approved by the Ethics
Committee of the University of Gothenburg.
| Stroke severity, vascular risk factors, and education
Maximum stroke severity within the first 7 days after the stroke was scored using the Scandinavian Stroke Scale (SSS), a scale that describes clinical deficit with a maximum score of 58 points (no deficit).
Information on vascular risk factors including hypertension, diabetes, and smoking was collected at inclusion and at the three-month follow-up visit by examinations and structured questionnaires, as described. 18 To define hypertension and diabetes, measurements at three-month follow-up were used, as described elsewhere. 18, 20 In brief, hypertension was defined as pharmacological treatment for hypertension, systolic blood pressure ≥160 mm Hg, and/or diastolic blood pressure ≥90 mm Hg. Diabetes was defined as dietary or phar- 
Essentials
• Cognitive impairment is frequent after stroke and knowledge on predictors is limited.
• We investigated hemostatic biomarkers as predictors of long-term cognitive function after stroke.
• Fibrinogen, von Willebrand factor and tissue-type plasminogen activator correlated to cognitive outcome.
• In young patients, fibrinogen was independently associated to worse cognitive outcome 7 years post-stroke.
| Cognitive outcomes
The surviving patients were invited to participate in a seven-year 
| Blood sampling and biomarker measurements
Blood sampling was performed at a follow-up visit approxi- by a high-sensitivity immunometric assay, all described in detail previously.
9,11,24,25
| Missing data
The success rate for biomarker measurements was: fibrinogen 93%, VWF 96%, t-PA 97%, and hsCRP 98%. Missing data were mainly due to technical reasons.
| Statistical analyses
Normality Data were analysed using SPSS 20.0, and two-tailed P < .05 was considered significant.
| RESULTS
Of 411 patients recruited at baseline, 395 attended the threemonth follow-up visit and 375 of these had not experienced a recurrent vascular event. During the period between the threemonth and the seven-year follow-up, 43 individuals died. Thus, 332 individuals were eligible for cognitive testing 7 years after their index stroke. Of these, 268 were included in the final analyses of this study. Reasons for not participating are displayed in Figure 1 .
Among eligible study participants, the group that underwent cognitive testing by BNIS did not differ significantly with regards to age, sex, stroke severity, or plasma concentrations of fibrinogen or t-PA compared to those who did not participate. However, the investigated group had significantly lower three-month VWF concentrations compared to the group that did not participate (P < .01). Median time from index stroke to follow-up was 7.4 years (IQR 7.3-7.5). Forty-five patients experienced a recurrent stroke during the follow-up period from the three-month to the sevenyear visit. Median time from this recurrent stroke to cognitive testing was 5.0 years (IQR 3.2-7.2).
The median total BNIS score was 40 (interquartile range [35] [36] [37] [38] [39] [40] [41] [42] [43] for the whole sample, and 43 (interquartile range 39-47) for the group of participants with stroke <50 years of age. Clinical data, biomarker concentrations and correlations to total BNIS scores for both groups, are shown in Table 1 . In the whole sample age, diabetes, educational level, SSS at baseline, and time since last stroke were significantly correlated to the total BNIS score at the seven-year follow-up. High three-month concentrations of fibrinogen, VWF, and t-PA were significantly correlated to a low BNIS score. In participants <50 years of age at index stroke, diabetes, low educational level, low SSS at baseline (ie, severe stroke), and high fibrinogen concentrations were significantly correlated to a low BNIS score. Plasma concentrations of fibrinogen in relation to the total BNIS score are shown in Figure 2 .
The results from the multivariable linear regression models are shown in Table 2 . Age, educational level, SSS at baseline, time since last stroke, and diabetes were all independent predictors of the total BNIS score at follow-up in the whole group, whereas the associations for the biomarker concentrations were not retained.
In the subgroup of participants who were <50 years of age at index stroke, a similar pattern of correlations between biomarker concentrations and the total BNIS score were observed as in the whole group (Table 1) , and here the association for fibrinogen was independent of the clinical variables (β std = −.27, Table 2 ) and significantly stronger than in the participants with stroke ≥50 years of age. With regards to the different BNIS subscales, high plasma concentrations of fibrinogen were associated to a low score for all subscales, and this association was not significantly different between subscales.
Forty-four participants completed the Trail Making Test A, and 41 completed Trail Making Test B. The main reason for not participating was the unwillingness to undergo further cognitive testing.
There was no significant difference in total BNIS score, fibrinogen levels or main vascular risk factors between the group who did and
F I G U R E 1 Flow chart of the study population. BNIS, Barrow Neurological Institute Screen for Higher Cerebral Functions
Acute ischemic stroke patients recurited at the stroke unit n = 411
Did not pass BNIS pre-screen n = 8
Did not come to7-year follow-upvisit n = 36 Reasons for not attending: Severe disease n = 6 Other language n = 3 Deafness n = 1 Dementia n = 1 Aphasia n = 2 Moved from the area n = 2 Not interested n = 21 Dead n = 43
Patients attending 3-month follow-up, free from recurrent vascular events n = 375
Lost to follow-upat 7 year follow-up n = 20 Patients eligable for cognitive testing at 7-year follow-up n = 332
Patients that underwent cognitive testing by BNIS n = 268
Lost to follow-up3 months n = 14
Dead before 3-month follow-up n = 2
Recurrent vascular event before 3-month follow-up n = 20
did not perform the Trail Making Test A. However, the group who did not perform the test was younger (P < .01) and had a lower SSS score T A B L E 1 Baseline clinical data and biomarker concentrations in ischemic stroke patients and their correlations to total BNIS score at 7-year follow-up 
| DISCUSSION
In this study of young and middle-aged ischemic stroke patients we found that in participants <50 years of age at index stroke, fibrinogen concentrations measured 3 months post-stroke were independently associated to total BNIS score 7 years later. No significant difference regarding the association to fibrinogen concentrations was observed between the BNIS subscales. The results indicate an association to overall rather than domain-specific cognitive function. In line with this, in the same subgroup of patients, fibrinogen concentrations were also independently associated to processing speed, measured as performance on the Trail Making Test A. However, no association was seen for Trail Making Test B, which is a more complex test, also requiring working memory and attentional shifting. The same pattern, with processing speed being affected, has been previously observed in patients with vascular disease and cognitive impairment. [26] [27] [28] Our results indicate that fibrinogen concentrations predict long-term cognitive function in the young, but not all, ischemic stroke patients.
Older individuals may have multiple contributing factors that lead to reduced cognitive performance, hence the relative importance of fibrinogen would be less.
To the best of our knowledge this is the first study to show an association between fibrinogen concentrations and long-term cognitive outcomes in a population of young ischemic stroke patients. Several previous studies support a role for fibrinogen in cognitive functioning. In a population-based prospective study on older subjects (mean age 73 years at first cognitive assessment and randomly selected from general practitioners), Rafnsson et al. found an association between five-year cognitive decline and fibrinogen levels measured eleven years prior to the first cognitive assessment. 29 Another study found an association between vascular dementia and fibrinogen levels measured seventeen years earlier in a cohort of men aged 65-84 years who were free of vascular disease at baseline. 14 In line with this, fibrinogen levels were associated to both vascular dementia and Alzheimer disease in a prospective study following a cohort of men and women, ≥55 years and free of dementia at baseline, for a mean follow-up time of 5.7 years. 16 The number of studies on biomarkers and long-term cognitive outcomes after stroke is very limited. Interestingly though, a study using a proteomic discovery approach to analyze microvesicleenriched fractions of plasma pools from patients with lacunar infarctions, found that fibrinogen alpha-, beta-, and gamma chains as well as VWF were among the proteins that were upregulated in patients with cognitive decline at five-year follow-up, and fibrinogen alpha was the protein that was most upregulated in this group.
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Several mechanisms could explain the role of hemostatic proteins in cognitive impairment. Generally the correlation between hemostatic biomarkers and vascular dementia is stronger compared to all dementia supporting the explanation of a prothrombotic state and progressive cerebral micro-infraction. 15, 16 In line with this reasoning, a study on young hypertensive patients with subcortical ischemic changes, but no manifest cerebrovascular disease, found that these patients had a reduced performance in cognitive testing as well as higher plasma concentrations of VWF compared to healthy controls.
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In the case of fibrinogen, another possible mechanism is through 
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In our cohort, the correlations between BNIS and VWF as well as t-PA did not withstand adjustment for confounding factors in the linear regression model. As far as we know, no previous study investigated those biomarkers in a long-term follow-up of cognitive function after ischemic stroke.
Our study has the advantage of a longitudinal design with long follow-up-time of a study sample including consecutive and wellcharacterized ischemic stroke patients. The thorough nature of the available data enabled correction for several possible confounders.
Blood sampling was strictly standardized and performed during the chronic, rather than acute, phase, avoiding influence from the acute event itself. Cognitive testing was performed in a standardized way, and the BNIS test was administered by the same study nurse to all participants. There are several limitations that should be mentioned.
First, we did not have knowledge on cognitive function before or in the subacute phase of the index stroke and could therefore not investigate changes in relation to biomarker levels. However, most patients were in work at the time of index stroke, making cognitive impairment before the index stroke unlikely in a substantial proportion of patients. Moreover, the effects we observed were most pronounced in younger ages, making the likelihood that pre-stroke cognitive decline influenced the results even less plausible. Second, although eligible participants who underwent cognitive testing by BNIS did not differ significantly with regards to age, sex, stroke severity, or plasma concentrations of fibrinogen or t-PA compared to those who did not participate, selection bias could influence our results. Third, the independent associations that we found between fibrinogen concentrations and cognitive function were in a subgroup analysis. Although the analysis was prespecified, the findings need to be replicated.
Moreover, the number of patients available for subgroup analyses was limited leading to low power. Fourth, we cannot exclude our results being explained by uncontrolled confounding. Finally, our study design does not allow any conclusion on causation. The authors of a previous study have suggested a reverse causation such that cognitive ability in early life may predict later change in hemostasis, possibly mediated through lifestyle. 35 In this study on young and middle-aged ischemic stroke patients we found that convalescent concentrations of the hemostatic biomarkers fibrinogen, VWF, and t-PA were correlated to cognitive function 7 years post-stroke, but these associations were not independent of confounding factors. However, in participants younger than 50 years at index stroke, fibrinogen concentrations were independently associated to cognitive outcomes as assessed by BNIS and Trail Making Test A. Although highly speculative, our results raise the idea that fibrinogen's association to cognitive outcome might not solely go through hemostasis or inflammation, but through a mechanism more specific for fibrinogen. Further, our findings indicate that future studies on hemostatic biomarkers and long-term cognitive outcomes after stroke should focus on stroke in the young. In the future it would be advantageous to complement these data with vascular imaging studies, to elucidate the underlying mechanisms.
